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Foreword

Bell Aerospace Textron submits this Final Report as part of the Space Station

Auxiliary Thrust Chamber Technology Program, Contract NAS 3-24883.

The work was conducted under the cognizance of Mr. G. Paul Richter of NASA
Lewis Research Center who was the Contract Project Manager. Bell personnel
include: John M. Senneff, Program Manager; Arthur M. Gorbaty, Design

Leader; and Edgar R. Vollaro, Test Director.

Abstract

A program to design, fabricate and test a 50 lbp (222 N) thruster was
undertaken (Contract NAS 3-24656) to demonstrate the applicability of the
mpeverse flow" concept as an item of auxiliary propulsion for the Space
Station. The thruster was to operate at a mixture ratio (O/F) of 4, be capable
of operating for 2 million lbg-seconds (8.896 million N-seconds) impulse with a
chamber pressure of 75 psia (52 N/cmz) and a nozzle area ratio of 40. A
successful demonstration of the (O/F) of 4 thruster, was followed by the design
objective of operating at an (O/F) of 8. The demonstration of this thruster
resulted in the order of an additional (O/F) of 8 thrust chamber under the
present NAS 3-24883 contract. This report is to document the effort to

fabricate and test the second (O/F) of 8 thruster on contract NAS 3-24883.






SUMMARY

A program to evaluate a gaseous-hydrogen and gaseous-oxygen-fueled reverse-
flow thruster for the Space Station Auxiliary Propulsion System was initially undertaken
with the design, fabrication and testing of a 50 1b; (222N) thrust rocket engine under
contract NAS 3-24656. The thruster was designed to operate at 75 psia (52 N/sz)
chamber pressure, and a mixture ratio (O/F) of 4 with a 40 to 1 nozzle area ratio. The
objective was to demonstrate a duration capability of 2 million Ibg-second (8.896 million

N-seconds) total impulse.

The original program included tasks for preliminary and detailed design,
fabrication, acceptance testing, duration testing and reporting. Four additional tasks
were added to the program when other NASA studies indicated a requirement to operate
the thrusters at a mixture ratio of 8 instead of the initially selected mixture ratio of 4.

This program was completed and has been reported in NASA CR-179552.

The current program was to duplicate the thrust chamber designed in contract
NAS 3-24656 at an (O/F) of 8. The effort included the fabrication and acceptance
testing of this thrust chamber. Also included was a task to update the drawings of the
original contract which were not completed in the rush to test and evaluate feasible

operation at the higher mixture ratio.

The acceptance test of this second thrust chamber was completed and the test
results are included in this report. New to this test program were pulse tests (200
milliseconds to 40 milliseconds long), conducted to examine the rapidity of pulses capable

with present valve and ignition components. The results of all tests are included in this

report.






INTRODUCTION

The manned Space Station will require an Auxiliary Propulsion System (APS)
for attitude control, orbit positioning, and docking maneuvers. The selection of an
optimum APS for the Space Station is a complicated issue, considering propellant
selection, thrust size, and operating conditions. The reverse flow thruster concept has
been considered to be a viable candidate for use with the gaseous hydrogen, gaseous
oxygen propellant system and a 50 1bg (222N) thruster was demonstrated during a

recently completed NAS 3-24656 contract (NASA CR-179552).

Design details and the testing data to achieve both the r=4 and r=8 thruster
designs are reported in NASA CR179552 while additional testing was originally suggested
for the present NAS3-24883 contract. Although additional testing was suggested, only
those tasks which included the fabrication and acceptance testing of the new thruster
were included. This effort did include the update of drawings which were not completed

during the rush to demonstrate the r=8 thruster during the NAS 3-24656 contract.

The three tasks agreed on were:

Task I - Thrust Chamber Fabrication
Task II - Proof Testing and Delivery

Task V - Reports

Since this program was essentially one to duplicate the original thruster, the
techniques originally used in fabrication and test were duplicated for the second unit.

The acceptance test data obtained is included in the appendix of this report.






The 50 1bf Thruster Design

The design of this thruster has been described in detail in NASA CR 179552.
Some of that deseription has been included in this report to add clarity to the tasks

reported.

The reverse flow thruster designed for this application is shown in Figure 1.
The basic components of this thruster are the spherical chamber (combustor), the vortex
oxidizer swirl cup, the nozzle (including the regen-cooled throat and the fuel inlet) and
the nozzle extension. Other components include the spark plug igniters (the exciter and
lead are now shown) with auxiliary oxidizer cooling and the propellant valves.
Photographs of the test hardware in Figure 2 show both the components and the thruster

assembly. The drawing list for the r=8 thruster is included as Table 1.
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Figure 1. Model 8911 Thrust Chamber
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Figure 2.

Model 8911 Thruster

TABLE 1. DRAWING LIST
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The fuel inlet and nozzle design is shown in Figure 3. The propellant enters

the nozzle at midsection and is routed aft to enter both the divergent nozzle film eoolant

manifold and the nozzle regeneratively-cooled passages. Hy flows through these cooling

passages and out the fuel injection orifices,

as indicated in Figure 3 and Figure 4. The

fuel then passes openly along the spherical chamber wall until turned into the oxidizer

stream at the head of the chamber.
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The oxidizer flows into the chamber from the valve to the inlet of the vortex
cup, through a distribution baffle, and then enters the vortex cup through the swirl
orifices and the centerflow orifice. A small amount of oxidizer is drawn from the vortex
cup inlet as a spark plug coolant and auxiliary ignition propellant (1/2 percent each
igniter).

The construction materials used for this thruster reflect the objective of
incorporating low-cost readily-available materials throughout. The thruster has a Type
304 stainless steel oxidizer injector and nozzle holder with Hastelloy X combustion
chamber. The throat section (nozzle liner) is fabricated from Amzirc copper and the
nozzle shroud (coolant passage closeout) is a wrap-around two-piece Type 6061 aluminum

part. The thruster nozzle extension was fabricated from Hastelloy X.

The thruster design parameters are listed in Table 2.

Table 2. Thruster Design Parameters

Mixture Ratio 8

Thrust ~77 Ibf (343 N)

Pe 102 psia (70.3N/cm” )
€ 40:1

Divergent Nozzle Coolant 6% of the fuel
Oxidizer Coolant for Spark Plugs 1.2% each

% Bell (Nozzle) 80%

Chamber L* 30 in.

ignition Frequency 60 sparks/sec at 70 millijoules
Type lgnition Capacitive discharge
Spark Plug Champion FHE 297-1
Valve Wright PN 12350







Fabrication

One of the benefits of the reverse flow combustor concept is the simple
construction techniques used in its fabrication. the uncooled Hastelloy X chamber and
related parts, which were the baseline for this program, introduced the temperature
limitations related to this material. The oxidizer vortex cup and inlet, and various add-
ons such as the spark plug attachments, chamber pressure ports and coolant lines were all

fabricated from type 304L stainless steel as was the nozzle manifold assembly.

The most complex portion of this design was the nozzle liner assembly where
all the coolant passages were Electric Discharge Machined (EDM'd). The design feature
of holding the nozzle near the fuel injection orifices necessitates a holding flange at this
location. This holding flange allowed longitudinal thermal expansion of the liner as with
the sliding nozzle seal. The complexity existed in the EDM fuel injection slots which
required a compound slot profile to transition from the coolant passage end at the
chamber periphery. These injection slots were neatly fabricated by rotating the EDM
electrode from the flat fuel injection orifices. This copper nozzle is shown in Figure 5,
along with the surrounding aluminum closeout. The coolant passages can be seen along
the nozzle axis while the fuel injection orifices are at the top of the unit. This
construction technique was selected for this technology demonstration to facilitate both
design and fabrication. A flight unit would be modified to include an electrodeposited
closeout for the coolant passages, in turn allowing a much less complex configuration of

the fuel injection orifices.

The final thruster component was the Hastelloy X nozzle extension attached at

an area ratio of 10. Hastelloy was selected for the extension so that the possibility of






Figure 5. Nozzle Liner with Clamshell Nozzle Shroud

eliminating the nozzle dump coolant could be explored. Due to the press of other

objectives, this possibility was not investigated during the program.

The mixture ratio 8 hardware was similar to the coriginal hardware with the
only fabrication change being a Hastelloy X chamber incorporated to allow slightly
higher chamber temperatures at the higher mixture ratio. The chamber was fabricated
on a normal contour lathe and welding the stainless steel 304L chamber accessories

presented no problems. The thrust chamber assembly, ready to be mounted in the test

cell, is shown in Figure 6.
Test Objectives

The objective of the test program has been outlined in Bell Operational Test

Plan, No. 8911-947002, with the test sequence listed in Appendix A of this report.
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Figure 6. Model 8911 Thrust Chamber Test Assembly

Test Cell and Operation

All fire-testing of the Space Station Auxiliary Thruster was conducted in the
Bell Altitude Facility A-2. The test cell used has a nominal altitude capability of
120,000 feet (36576 M) with a duration capability far in excess of 1000 seconds. The Bell
altitude facility is operated by a dedicated steam generation system tied in with the
factory power plant, providing low-cost operations of almost unlimited duration. The

general arrangement of the facility is shown in Figure 7.
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Operation of any test cell is accomplished by directing steam into one of the
three ejectors, each having its own capacity limit. The test cell closure valve is opened

to the ejector exhaust system, drawing the cell down to the requisite altitude.

Operation of the thruster is accomplished by a timer panel. The start and
shutdown sequence of events to the igniter and valve systems are preplanned and operate
in an automatie sequence. For these tests, the fuel valve was sequenced to open one
millisecond ahead of the oxidizer valve, although no confirmation measurements were
attempted to ascertain the propellant chamber entry sequence. Pulse tests were

conducted with equal on and off times.

Ignition was accomplished with the use of an exciter, having an approximate
frequency of 60 sparks per second, operating a spark plug installed in the combustor

wall. Examination of the start traces showed positive and immediate starts with the

first spark after positive oxidizer pressure was identified.

Instrumentation

Normal performance measurement parameters, including thrust, chamber
pressure and propellant flow rates, were measured for all tests. Flow rates were
measured using temperatures and sonic orifices. Cell instrumentation includes an in-line
load cell thrust measuring arrangement where the thrust chamber is mounted vertically
and fired in a downward direction. Three stabilizing webs were used on the chamber

mount so that thrust alignment was maintained.

Temperatures were measured with thermocouples placed at various positions

on the thruster. Since there has been very little precedent for failure criteria for this
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type of thrust ehamber, thermocouples were placed at various positions on the thrust
chamber to establish criteria for the formulation of a more complete heat monitoring
arrangement. Thermocouples were placed on the nozzle extension, at the nozzle flange,
on one of the lands in the copper nozzle liner, in a coolant passage and on the combustion

chamber at a variety of positions. Thermocouple locations are shown in the appendix A

of this report.

Test Results and Discussions

The acceptance test series was predefined and consisted of 4 sets of tests.
Test sets were designed to examine mixture ratio, chamber pressure, heat rejection
(measured hardware temperature) and pulse performance. The tests were performed as
predefined with the exception that an added pulse set was completed. The test schedule

is noted in Figure A-1 of the Appendix. The test data is included in this Appendix.

The measured specific impulse is shown graphically in Figure 8. It was noted
that the recorded specific impulse at a mixture ratio of 8 was approximately the same as
for the original thruster tested, thruster No. 1 (contract NAS 3-24656), however, the new
thruster, thruster No. 2, appears to have somewhat lower performance at the more fuel

rich mixture ratios.

The thrust chamber thermocouples were also examined for comparison to
thruster No. 1. The mixture ratio =8 data is noted in Table 3 where it is compared to

similar data for the thruster No. 1.

While the average of this data is close for the two thrusters, the

circumferential variation of the temperatures is somewhat larger on thruster No. 2.
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Additional testing, which might be required to explain this difference, is beyond the

scope of the contract.

Specific Impulse,
Isp (Ibf/tbm/sec)

360 r

350 -

340 |~

Nominal Pc——/

High Pc

330 |-

O
O

320 j= Low Pc

310 -

| | 1 | 1
4.0 5.0 6.0 70 8.0

Mixture Ratio (O/F)

Figure 8. Specific Impulse Vs Mixture Ratio

Table 3. Chamber Temperature Data at 29.4 Seconds.

Thruster No, 2 Thruster No. 1
Mixture Thermocouple Tem%erature Mixture Thermocouple Temgerature
Test No. | Ratio (O/F) No. F Test No. | Ratio (O/F) No. F

4420 8.104 10 1575.8 4379 7.926 10 1770.2
11 1909.5 1M 1492.9

20A 1519.8 20A 1731.8

21A 1773.8 21A 1707 .8

Average 1694.7 Average 1675.7

13






Pulse Testing

Pulse tests were conducted with thruster No. 2 by the simple expedient of
setting on/off times into the run panel and operating for the preseribed 15 pulses. The
ignitor system was held in the on position, due to the expediency of wiring the ignition

system independently of the timing panel.

The concern for pulse operation was that the combined delays of the propellant
valves and the ignition system would be too great to produce 40 millisecond pulses. The
result could have been external ignition with some detrimental effects. The 60
millisecond pulses were considered minimum, which the test results confirmed. The 40
millisecond pulses did not ignite until after the valve had closed in 5 of the 15 pulses
attempted. The propellant valve timing was originally reported as 30 milliseconds as
normal open and close time. The actual time turned out to be closer to 30 milliseconds
opening and 15 milliseconds closing, meaning that the on/off time would limit a pulse

fluid flowtime to some 15 to 20 milliseconds shorter than the pulse electrical time used.

This condition was not expected to materially affect the longer duration pulses
(greater than 60 milliseconds). Pulse data for each of the series conducted is shown in

Figures 9, 10, 11 and 12.

The shorter pulse time effect of ignition and valve timing is shown in the
drastic differences between the 40 millisecond pulses (Figure 12). During these pulses,
the valve in many cases shut off before any ignition occurred, although ignition oceurred
in every pulse. This late ignition resulted from the delayed exciter timing when the
capacitive discharge systems were in phase with a spark rate of approximately 45 sparks
per second or 22 milliseconds between sparks. The 22 millisecond ignition delay is

approximately what is seen on the 40 millisecond pulses where the ignition spike occurred

14
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during shutdown. The best pulses resulted, with immediate ignition, when the ignitor
fired as the propellants entered the chamber. A more rapid ignitor system is needed if

the 40 millisecond pulse is required.

The pulse data are included in the Appendix. These data have been
summarized for total impulse for each pulse with mean, minimum and maximum

summated. The mean value for the impulse bit is shown graphically in Figure 13.
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Figure 13. Mean Impuise Bit Vs Pulsewidth
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Conclusions

An 8911-470021-1 thruster assembly was fabricated and completed the defined
acceptance tests. This thruster demonstrated the capability to operate over an
extremely wide range of operating conditions similar to the previously fabricated
thruster assembly. Some differences were noted in performance between the original
and new thruster, however, the differences are not large enough to be considered to be

detrimental to operation.

Pulse tests were also conducted on this thruster assembly for the first time
with this type of reverse flow thruster. The results were gratifying in that short duration
firings (60 milliseconds) produced repetitive pulses and that even shorter pulses are
practical with a more rapid spark exciter. This thrust chamber concept (reverse flow)

has again shown its adaptability to the Space Station Mission.
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Appendix A

Test Data

A. Performance Data

All tests were performed in Test Cell A-2 at a simulated altitude of
approximately 100,000 ft. (30480 M). Tests were conducted to a predetermined test
schedule as shown in Figure A-1. The thruster was mounted vertically downward in the
test cell and the exhaust from the thruster was directed into a steam ejector.
Performance measurements were recorded on FM tape with data points processed at
requested intervals. The primary performance measurements of thrust, chamber
pressure and flows were recorded using a transducer incorporated in-line load cell, a
Taber Model 2210 pressure transducer, and with pre-calibrated cavitating venturies for

the respective flow measurements.

The accompanying data sheets are a summation of all data taken through the
program. The performance data summaries have been compiled to include the

performance as recorded.

The data sheets are mostly self-explanatory except for several 0.0 values that
are consistently recorded as the result of unedited values from a previous printout
form. Appropriate temperature data for each run are also included. Chromel-Alumel

thermocouples were used for all the temperature values.
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ACCEPTANCE TESTS
A. Mixture Ratio Series

Test Pc r Duration
(psla) | (O/F) {sec)
1 102 4.0 5
2 102 6.0 5
3 102 8.0 5

B. Chamber Pressure Series

Test Pc r Duration
(psia) | (O/F) (sec)
1 102 8.0 5
2 75 8.0 5
3 125 8.0 5

C. Heat Rejection Series

Test Pc r Duration
[ (psia) | (O/F) | (sec)
1 102 4.0 30
2 102 6.0 30
3 102 8.0 30

D. Pulse Series

No. Pc r Pulse Dura-
Test Pulses | (nsia) | (O/F) | tion (sec)
1 15 102 8.0 0.200
2 15 102 8.0 0.120
3 15 102 8.0 0.060
4 15 102 8.0 0.040

Figure A-1. Test Schedule - NAS 3-24883

B. Pulse Test Data

The pulse tests were conducted with an on/off timer which gave equal on/off

times. The data included is a computer program completed summary of the impulse of

each pulse, with a mean and the deviation noted.






C. Thermocouple Installation

The location of the temperature measuring thermocouples installed on the test
hardware is shown in Figure A-2. The thermocouple numbers shown correspond to the
numbers on the test data sheets. Thermocouples T20 and T21 were not recorded due to
instrument limitations. The two internal thermocouples installed were to measure a
nozzle land temperature (NLT) and the H, gas, fuel coolant temperature (FCT) at the
exit of the regenerative portion of the cooled nozzle. This installation was made by
inserting .014 inch coaxial thermocouples through the fuel manifold and cementing the

thermocouples in place.

Fuel Valve

Fuel
Inlet L
Igniter Coolant

NLT = Nozzle Land Temperature
FCT = Fuel Coolant Temperature
Igniter ® v
\ o i1 Nozzle Extension T20
0 ’ A0 T18
x Inlet <N &,\q, ‘T14 18
Oxidizer Valve g Fuel T Fuel Cooled Liner
‘ Injector
-l = - = e —- || Reverse Flow .4 - - ?RSfQ
“ Chamber e
— m NLT:
1 T - T”\
Oxidizer Swirl Cup T9 T13 T16 T19
Injector T5 T21A ™
T7 e
(T20A Opposite Side)
il= 15.63 Ref —

Figure A-2. Model 8911 Health Monitoring Thermocouple Locations
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BELL AEROSPACE TEXT RUN

PT16 REV.NL/0B/86 _r_n_:perg‘_rsﬁm = PRELI gx_uga;_g;ueponr - 50 LB. Q2/42 ENGINE S/N 2 PAGE OF
TESTS 4412 - 4417 CELL A-2 DATE 02/18B/8T — 02718787  TES1 REF. 511-E-00L
T R [y
TEST HARDWARE AND PROPELLANT NOMINALS
CHAMBER S/N T/C AT(AMB) 37720 IN2 £5G NOM (60/760) 0.0 .
INJECTOR S/N . Wl/_[/ﬁ;__ggunev 15.136 N2 USG NOM_(60/60) 0.0
— 70X VALVE S/N 7 - T FUEL NOM «Q LBS/SEC
OX1D NOm -0 LBS/SEC
[ e —— [ —
T T T T PEREORMANCE TEST. CATA SUMM ARY
VEASURED
TEST DUP DATA sxssdCessd s*#RAT] OF*¥ '.nmﬁ*#ci_ttts_;yig{t—;ﬂsg_llfg*’___c;___gw FEP_OFY FFT _TulAL__ DPO DPF PA
NO. ‘bm"?k’es«s’uﬁﬂc" JEST COR TEST COR TEST COR INF 1 MPULSE CoR COR.
SEC SEC PSIA PERC LB/SEC FT/S LBS LBS SEC  SEC PsSIA PSIA DEG.FAHR L8-SEC PslD PSID PSiaA
e —— S S
%412 —
5.0 1.0 101.0 0.C 4.191 0.0 .198680 6172. 68.45 Ca.0 344.5 0.0 1.798 294. 297. 16. 83. 0.0 0.0 0.0 D042
2.0 102.1 0.0 4.167 0.0  .198983 6231. 69.26 0.0 348.1 0.0 1.799 394. 298. 77. 8O, 0.0 0.0 0.0 0.036
—_— T 3.0 —02.9 0.0 4139 0.0 .199311 6213. 69.85 0.0 3150.5 0.0 1799 395. 295. 17. 713. 0.0 0.0 0.0 0.032
2.0 103.5 0.0 4.110 7.0 199584 6299. 70.26 0.0 352.0 0.0 1.800 39%. 300. 17 66« 0.0 0.0 0.0 0028
M__’____lo‘.i _19_3‘.3__0.0'4.190 0.0 .199689‘6300.4013_1‘__9_:0 352 0.0 1.800 395. 30C. 77. 63 0.0 0.0 0.0 0.021
4413
5.0 1.0 101.8 0.0 6.139 0.0 .210705 5%68. 170.13 0.0 332.8 0.0 1.827 446, 231. 79. 85. 0.0 0.0 0.0 0.040
———-——""‘"”"—'—2‘.0’1‘0’2‘.'5"0‘.'0"5.'130'o.o" .210827 5917, 10.92 0.0 336.4 0.0 1.832 446. 232. 80. B4 5.0 0.0 0.0 0.03%
3.0 103.1 0.0 6.108 0.0 210937 5936. 71.33 0.0 338.2 0.0 l.B34 &446. 233. 80. Ble. 0.0 0.0 0.0 0.031
4.0 103.6 0.0 6.078 5.0 211021 5%1.‘771.'rq__»_pf.p__}gq,q 0:2_}_._8_15__559..2}3.’}9. T6. 0.0 0.0 0.0 0.028
— 4.4 103.7 0.0 6.066 0.0 .211077 5966. 71.79 ©O. 340.1 0.0 1.B36 446. 233. g0. T4. 0.0 0.0 0.0 0.028
O
X 4slé I .
) ——§,05 1.0 102.3 0.0 B.218 0.0 .224950 5521. Tl.43 00 317.% 0.0 1.852 493. 195 80. 78. 0.0 0.0 0.0 0.039
> 2.0 102.7 0.0 8.194 0.0 .225027 5541. T71.90 0.0 319.5 0.0 1.857 493. 196. Pl 17. 0.0 D.0 0.0 0,034
> 2.0 103.0 0.0 8.173 0.0 225131 5558« 72,29)'9:9’_377297.1 O,Q_PL.g_ﬁg_jQ‘ngAgb;__‘Bl. Tae 0.0 0.0 0.0 0.031
- ———%.0 103.3  0.C 8.151 0.0  .225287 5570. 12.42 0.0 321.5 D.0 1.858 494, 196. 6le Tl. 0.0 0.0 0.0 0.028
-0 4.4 103.5 0.0 B.142 0.0 .225358 5576, 7251 0.0 321.7 0.0 1.B5B 4%, 156. gl. 10. 0.0 0.0 0.0 0.028
> b, R o
o) 4415
m Sed 1.0 103.1 0.0 B.176 0.0 224034 55B9. 71.91 0.0 321.0 0.0 1.849 490. 195 8l. 7T8. 0.0 0.0 0.0 0.037
— 2.0 103.2 0.0 8.157 0.0  .224111 5592, 12.23__ 0.0 _322.3 9.941,559‘:,91:#199./_31, 11, )e0 0.0 0.0 0,033
7 e -—4,07123.5 0.0 8.138 0.0 22264195 5605. 72.437 0.0 323.1 5.0 1.856 491. 197. 8l. 1Ube 0.0 0.0 0.0 0.030
4.0 103.8 0.0 8.120 0.0 .2264388 561B8. T2.66 pD.0 323.8 0.0 1.856 491. 197« 82. T13e 0.0 0.0 0.0 0.028
4.4 103.9 0.0 8.112 0.0 226483 5620. 72.69 0.0 323.8 0.0 1.855 491. 197. 82. 12. 0.0 0.0 0.0 D.021
4416
5.0 1.0 T15.4 0.0 8.135 2.0  .164829 5554 . 52.22_v0.0_3716:‘8’_}).Ll_.B::llﬂ}bVZ'._lfg‘g',—“BQ. 80. 0.0 0.0 0.0 0.035
- 3.0 15.5 0.0 8.132 0.0 L164985 5561. 5250 0.0 318.2 0.0 1.842 362. 145 #0. Ble 6.0 0.0 0.0 0.029
3.0 75.7 0.0 8.127 0.0 .165070 55T73. 52.66 0.0 319.0 0.0 1.843 362. 145. EO. 80. 0.0 0.0 0.0 0.026
4.0 7T5.9 0.0 8.114 0.0 .165106 5587, 52.79 0.0 319.7 0.0 1.843 362 146. 80« 79. 0.0 0.0 0.0 0.024
—_———— 4% 160 0.0 8.108 0.0 .165129 5589, 52.80 5.0 319.7 0.0 1.842 36Z2. 146. B8O, T8. 0.0 0.0 D.0 0.023
4417 ) . _
5:0"—1‘.‘0'*122.9“0.0 7.817 0.0 2264032 5653, 86.69 0.0 328.3 0.0 {7870 577. 24C. 83 B3. 0.0 0.0 0.0 0.037
2.0 123.3 0.C 7.804 0.0  .264370 5666. 37.05 0.0 329.3 0.0 1.871 578. 240. B84e 824 0.0 0.0 0.0 0.033
3.0 123.5 0.0 7.778 0.0 264571 567l 97.18_ 0.0 329.5 0.0 1.871 ©78. 241s B5. T8e 0.0 0.0 0.0 0.031
—_——%,0 123.7 0.0 7.743 0.0 264710 5678, 87.30 0.0 329.8 0.0 1.870 578, 24l. 85, T4 0.0 0.0 0.0 0.029
';; 4.4 123.9 0.0 7.728 0.0 -264790 568%. BT.40 0.0 330.1 0.0 1.870 578. 24l. B85 T2e 0.0 0.0 0.0 0.028







BELL AERNSPACE TEXTRON
PT16 REV.N1/08/B6 MODEL 8911 _ — PRELIMI NARY TEST REPORT -~ 50 LB. 0U2/H2 ENGINE S/N 2 PAGE oF
BAROMETRIC PRESSWRE 14.51 PSIA T/¢C AT 0.37720 IN2 MODEL NO 8911
TIME OF RUN 0932 HRS Wy AE 1541350 IN2 IEST_DAYE 02718781
T ENGTH DF RUN 5.0 SEC FUEL NOM 0.0 LBS/SEC TEST CELL A-2
FJEL SP.GR. 60/60 0.0 MY H OXID NOM 0.0 LBS/SEC TEST NO 4412 -
MY IN SP.GR. 60/60 0.0 N204  FS3_NOM__ 0.0 1/C S/N
T EJEL TRIM ORIFICE o o 0SG  NOM 0.0 INJ S/N
OXID TRIM DRIFICE F/0X VAL S/N ’
B EXTRA PARAMETERS
PARAMETER SYMBOL UNITS STATIC 1.0 2.0 3.0 4.0 holt
——¢37 CELL BMAIENT TEMPERATWRE -0 ) TAMS ~ DEG.FAKR 92.0 91.5 90.9 90.5 90.4 90.3 -
63. FUEL CAVITY TEmP, fCr DEG.FAKR 76.6 200.6  268.3 295.3 301.3  300.6
64, NOZILE LAND TEMP, NLT _ DEG.FAKR 712.5 390.9  42%.2  443.4 _452.0 453.3
T 68, SKIN TEMP, ND, I SKNTL DEG. FARR 78.8 78.8 78.8 78.8 78.8 78.8
€6, 0.0 0.0 0.0 0.0 0.0 0.0
AT, SKIN TE¥P. N3, 3 o _ SKNT3 _ DEG.FAHR 86.1  86.0 B6.3 87.8 93.4 97.4
TR SKIN TEMP L NO, 4 — T TSKNT4  DEG.FAHR 90.9 153.3 223.8 287.0 341.3 361.9
69. SKIN TEMP, N3. 5 SKNTS DEG.FAHR 98.6 141.3 195.4 252.2 307.8 3291
70. SKIN TEMP, ND. 6 B SKNTS  DEG.FAHR _ 97.8 124.8 161,64 _ 200.7 256+3 279.6
S 21TTSKIN TEMOUND,TT T T SKNT? DFG.FAHR 98.5 126.0 164.9 208.3 269.% 296.5
72. SKIN TEMP,. N0, 8 SKNTS DEG.FARR 87.6 89.9 89.9 90.0 90.% 90.7
73. SKIN TEMP, NO. 9 . Skn19 DEG.FAKR BE.4 8.4 8B4 8B. 9 90.8 92.2
Y%, SKIN TEMP . NT. 10 - SKNT10D DEG.FAHR 83.6 141.7 317.8 4B8. S 627.1 6T4.2
75. SKIN TEMP. NO. 11 SKNTL1 DEG o FAHR 85.1 161.7T 451.6 T14.9 919.2 986.2
76. SKIN TEMP, NO. 12 . B SKNT12 _ DEG.FAHR __ T77.5 95,3 181.8  276.0  349.9  374.0
TTTUPILTSKINTTEMB L ND L 13T T SKNT13 DEG. FAHR T7.5 82.7 121.9 201.0 280.9 309.2
78. SKIN TEMP, ND, 14 SKNT 14 DEG. FAHR T74.1 T4.1 T4.7 75« € 716.9 7.5
79. SKIM TEMP, NN, 15 _ SKNT15 _ DEG.FAHR T6.4 16.5 77.0 77.9 19.5 BO.2
—80. SKIN TEMP. NO. 16 T - SKNT16 CEG.FAHR T6.9 76.7 T6.9 71.3 17.8 78.2
8l. SKIN TEWP, N2, 17 SKNT17 DEG. FAHR T4.7 T4a7 T4.1 74.8 15.2 75.3
82. SKIN TEMP, NO, 18 . .. __sknT18 __ DEG.FAHR T12.7 B6.6  124.7 166.6 _ 210.8 _ 229.6
—g3, SKIN TEMP. NO. 19 T SKNT19 DEG. FAHR T4.9 90.9 131.0 174.4 220.9 239.8
84. SKIN TF¥P, NJ. 20® SKNT278  DEG.FAHR 73.9 98.0 139. 6 180.1 222.8 240.1
85, SKIN TEMP, NO. 21A _ L SKNT21A__ DEG.FAHR 79.1 161.6 406.5 594.4  755.3 B0Y. %
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P716 RFV.01/08/86

BAROMETR IC PRESSWRE

TIME OF RUN
TTLENGTH DF RUN
FUEL SP.GR. 60769
__ OXID SP.GR. 60/60
TEJEL TRIM ORIFICE
OXID TRIM ORIFICE

76.

PARAMETER

TTT62. CELL AMBIENT TEMPERATIRE

63. FUEL CAVITY TEMP,
64. NDZZILE LAND TEMP,

TTTES. SKIN TEMP, NI
66 .
67. SKIN TEMP, N7,

T8 . SKIN TEMP . NJ.
€9, SKIN TEMP, ND.
___T1C. SKIN TEMP, NJ,
it
72. SKIN TEMP, NJ.
73. SKIN TEMP, N0,

TSKIN TEMP . NDL -

SKIN TEMP, NO.
75. SKIN TEMP. NJ.
T6. SKIN TEMP, NJ,

TTTTTSKIN TEMPLUND
78. SKIN TEMP, N).
79. SKIN TEMP, NJ.

BOL SKIN TEMD . NITT L

81. SKIN TEMP. N3,
82. SKIN TEMP, NJ,
TTTB3. SKIN TEMP . NJ.
B4, SKIN TEMP., NO.
85, SKIN TEMP, NJ,

]
{
i

BELL AEROSPACE TEXTRON
ﬂggﬁg__}ﬂlliiwf_PREL]!]NARthggl_}fPDRT - 50 LB. 02/H2 ENGINE S/N 2 oF
14.51 PSIA T/C AT 0.37720 IN2 MODEL NDU 8911
1031 _HRS__ _T/C__ AE 15.1360 IN2 TESY DAJE _Q2/18B/87
5.0 SEC T FUEL NOM 0.0 LBS/SEC TEST CELL A2
0.0 wMH OXID NOM 0.0 LBS/SEC T1ESTY NO 4413
0.0 N204 i ____ F5G_ NnNM__ 0.0 T/ _S/N
0SG NOM 0.0 INJ 5/N
F/UX VAL S/N
EXTRA PARAMETERS .
SYMBOL UNITS STATIC 1.0 2.0 3.0 4.0 bot
TAMB DEG. FAHR 93.7 93.% 93.0 92.8 92.6 92.6 -
FCY DEG . FAHR 121.2 299.3 297.8 43T.4& 452.2 454.5
. _ NLY __DEG.FAHR__ 117.B 530.9 591.0  620.3  634.5 635.9
1 SKNT1 DEG. FAHR 101.1 101.1 101.0 100. 7 100.5 100.4
0.0 0.0 0.0 0.0 0.0 0.0
3 B _ SKNT3___ NEG.FAKR 104.1 104.1 104. 4 10%.8 110.3 i13.6
4 SKNT4 DEG.FAHR 97.4 146.1 201.&4 256.3 306.5 324.9
5 SKNTS DEG.FAHR 103.4 129.4 1€2. 6 194.1 232.2 248.5
6 R SKNT5 _ DEG.FAHR 103.5 120.6 149.0 179.3  218.6 _ 237.6
7 SKNTT DEG.FAHR 101.8 121.5 150. 4 182.0 229.6 252.6
8 SKNTS DEG . FAHR 97.5 99.0 98.4 98. 0 97.9 98.2
9 N _ SKNT3___DEG.FAHR 97.5 98.9 98.5 98, & 99,9 101.0
10 SKNT10  DEG.FAHR 109.7 164.3 354.1 540.9 ©693.8 745. 0
11 SKNT11 DEGa FAHR 109.6 184.9 472.6 149.T7 977.3 1053.6
12 SKNT12 _ DEG.FAHR _ 117.2 141.6 237.2  344.9  429.4 456.7
13 SKNTL13 DEG. FAHR 119.3 124.3 169. 4 2554 3 339,6 369.9
14 SKNT14 DEG. FAHR 117.1 117.1 116.8 116.0 115.3 115.1
15 SKNTL5 _ DEG.FAHR 119.2 119.2 118.6 117.9 117.4 117.6
6 SKNT16 DEG.FAHR 117.1 116.7 117.0 117.1 117.9 118.3
17 SKNT17 DEG. FAHR 11445 114.5 114.5 114.6 115.0 115.2
18 SKNT18 _ DEG.FAHR 95.3 114.8 166.9 221.1 288.2 311.9
e T T - SKNT19 DEG. FAHR 97.5 117.6 167.1 222.4 278.7 300.6
20A SKNT20A DEG .« FAHR 114.1 213.3 469.8  687.2 854.2 908.3
21A SKNT21A DEG. FAHR 112.3 200.6 467.3 £85.6 870.1 931.2
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BELL AERCSPACE T EXTRUN

P716 REV.01/08/86 MONEL 891l - PRELI VI NARY TEST REPORT - 50 LB. D2/H2 ENGINE_S/N 2 PAGE _TF
BAROMETRIC PRESSURE 14.51 PSIA T/C AT 0.37720 N2 MUDEL NO 8911
___TIME OF RUN 1937 MRS . et AE_15,1360 IN2 1EST DAIE 02718781
LENGTH NF RUN 5.0 SC FUEL NOM 0.0 LBS/SEC TESY CELL A-2
FUEL SP.GR. 60760 .0 MMH OX1D NOM 0.0 LBS/SEC YEST NO 4414 .
OX 1D SP.GR. 60/60 0.0  N20%. ~ _FS5 _NOF___0.0 10 SN
FJOEL TRIM ORIFICE 0SG NOM 0.0 INJ S/N
O ID TRI4 ORIFICE F/0X VAL S/N 7

EXTRA PAPRAMEVERS

e e e = T

PARAMETER SYMBOL UNITS SVYATIC 1.0 2.0 3.0 4.0 Lol

. e
———g¥. CELL AMBIENT TENPERATIRE ~ T TAMB DEG.FARR 95.7 95.3 94.7 Y4.5 9.5 94.5 -
63. FUEL CAVITY TEMP, FCT DEG.FAHR 228.9 393.8 501.3 540.4 549.9 552.7
64, NOZILE LAND TEMP. o o NLT_v__ADEG._FfAHR__—_Z_Z‘Z,Q Tlé.4 763.2 188.3 £05. 8 809.9
—=65. SKIN TEMP. NC . 1 - SKNT1 DEG. FAHR 199.1 198.6 197.8 196. 4 195.1 194.3
66, 0.0 C.0 0.0 0.0 0.0 0.0
6T. SKIN TEMP, NOo 3 - SKNT3  DEG.FAHR 272.9 272.3 272.1 _213.3 2718.1 281.5
—“bﬁ'.’SK']N'YEMD‘."’N‘D’}'K T T N SKNT4 DEG. FAHR 251.8 281.5% 324.1 366.1 40T.2 423.8
69. SKIN TEMP, NO. 5 SKNT5 DEGe FAER 272.4 284.3  303.7 326.8 354.9 367.4
70. SKIN TEMP. NJ. 6 . SKNT6  DEG.FAHR 260.5  267.0 282.8  310.9 349.0  366,3
T71. SKIN T LN P SKNT? DEG.FAHR 273.3 280.7 299.2 431.0 371%.6 2395.9
72. SKIN TEMP. NN, 8 SKNTS DEG.FAHR 220.5 217.0 211.0 205.5 201.0 199.4
73. SKIN TEMP. N1. 9 _ D SKNT9 __ DEG.FAHR 238.9 235.2 229.9 225.5  223.0 222.9
T Th. SKIN TEMP, NO. 10 SKNT10 DEG. FAHR 281.3 356.9 564.0 162.7 924.8 980.3
75. SKIN TEMP. NO. 11 SKNT11 DEG.FAHKR 294 .8 371.3 c4t.l 911.3 112%.6 1195.6
76. SKIN TEMP. NO. 12 o SKNT12 DEG.FARR _ 252.8 ZSQ.L_;}AQ,?W»SD%.T 595.8 _ _624.2
7 SKIN TEMP T ND. 137 7 ' SKNT13 DEG.FAFR 258.9 264.2 209.7 387.9 466.8 495, 6
78. SKIN TEMP. ND. 14 SKNT1é& DEG. FAFR 209.6 209.4 207.5 203.9 199.6 198.0
79. SKIN TEMP, ND. 1S .. , - SKNT15  DEG.FAHR 214.2 213.9 211.8 _ 208.5 204.6 203.0
— B‘S?‘SK’IN"T’EM#’.‘N‘:T.“i’b"" T SKNT16 DEG.FAHR 209.3 209.2 209.2 209.2 209.4 209.6
g1. SKIN TEMP. NI, 17 SKNT1T DEG.FAKR 206.8 206.7 206.8 206.9 207.3 207.5
@2. SKIN TEMP. ND. 18 . ... o SKNT1B DEG,._,FA}{B__WZ%:Z*__szg_.a 74,2 431.6 _ 488.9 511.6
- 'eaT‘silN"TEMp'.'"ND.”“xé" - SKNT19 DEG.FAKRR 297.9 321.2 371.0 421. 4 4&T1.T  492.0
84. SKIN TEMP. NO. 20A SKNT20A DEG .« FAHR 296.6 395.6  642.7 843.%5 1000.3 1051.3
a5. SKIN TEMP. NO. 21A o stn{zu_“_ng.j_;mn 293.9 192.4 668.5 G098 1100.% 1161.9
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8ELL AEROSPACE TEXTRUN

”716 RFV.01/08/86 MOOEL 8911 - PRELIMI NARY TEST REPORT - S0 LB. D2/H2 ENGINE S/N 2 PAGE

BARGMETRIC PRESSURE 14.51 PSIA T/C AT 0.37720 IN2 MODEL NO 8911

T IME OF RUN 1045 HRS o Y/C___AE_15.1360 IN2 TEST _DAYE 02718787

LENGTH DF RUN 5.0 SEC FUEL NOM 0.0 LBS/SEC TESYT CELL A-2

FUEL SP.GR. 60/60 0.0 MMH OXID NOM 0.0 LBS/SEC TEST NO 4415

OX 1D SP.GR. 60760 0.0 N20& o _ _FSG__NOM 0.0 1/C_S/IN

FJEL TRIY ORIFICE 0SG NDM 0.0 INJ S/N

OXID TRIM DRIFICE F/0X VAL S/N ’

o EXTRA PARAMET ERS
PARAMETER SYM3OL UNITS STATIC 1.0 2.0 3.0 4.0 4.4

— 62. CELL AMBTENT TEwWPERATWRE TAMB DEG.FAFR 96.1 95.8 95,4 95.1 95.1 95.1

63, FUEL CAVITY TEMP, FCr DEG . FAHR 329.5 455.5 523.5 550.2 562.2 565. 0

64. NDZILE LAND TEMP, o NLT _ DEG.FAHR 325.3  780.4 _ B18.4 832.1 B40.9 _ 843,.3
TTT65. SKIN TEMP. NJ. 1 SKNT] DEG.FAHR 258.7 257.7 256.1 254.1 251.9 250.9

66. 0.0 0.0 0.0 0.0 0.0 0.0

&T. SKIN TEMP, N3, 3 _ SKNT3  DEG.FAFR _ 320.5 220.3 2202  221.5  326.8  330.4
68, SKIN TEMP . NOL & T " SKNT4  DEG.FARR  310.4  339.0 279.9 420.4 460.7 476,71

6%. SKIN TEMP, NO. 5 SKNT5 DEG.FAHR  321.3  334.5 54,1 376.5 404.0 4l6.%

70. SKIN TEMP, N3, & o SKNT6  DEG.FAWR _ 319.7  327.1 342,3  370.0  40R.T 42642
TTTL. SKIN TEMPUTND LT T T SKNTT DEG.FARR 320.3 328.4 345,9 377.9 422.1 “42.2

72. SKIN TEMP, NDJ. 8 SKNTS DEG . FAHR 263.3 260.1 253.7 24T.8 243.0 241.5

73. SKIN TEMP, M3, 9 O SKNT9 DEG.FAHP 268.8 265.2 259.9  255.5  254.0  254.0
T T4, SKIN TEMPT NJL. 1D T A TUTTTURKNTIO . DEG.FAHR . 333.1 418.0  636.3  B36.8  995.6  1049.1

75. SKIN TEMP, ND, 11 L v} § SKNT11 DEG.FAHR 335,0 419.9 704.0 964.2 1169.4 1236.2

T6. SKIN TEMP, MO, 12 cz SKNT12 DEG. F AHP, 332.7 _ 368.5 _ 4Bl.B 589.2  669.1 69%4.5
TTTTITLSKIN YFMP, N, 13T T T O X>r SKNT13 = DEG.FAHR  335.1 341.0 386.7 460. 4 $32.5 55B. 4

78. SKIN TEMP. NO. 14 A SKNT14 DEG.FAHR 317.0 316.8 213.%5  306.4 297.9 294,2

79. SKIN TFMP, NJ. 15 O U _  SKNT15  DEG.FAHR  317.4 316.8 213.3  307.1  299.3 296.1
T R0. SKIN TEMPO NI, 16 B SKNT16 DEG.FAHR 317.4 317.0 317.0 316.9 317.0 317.0

8l. SKIN TFMP, NJ. 17 » L) SKNTLT DEG.FAHR 313.4 313.4 213.4 313.4 313.7 313.8

82. SKIN TEMP. NJ. 18 C m _ SKNT18  DEG.FAHR _ 366.2 389.0  441.0 496.3  551.9  5T4.1
TTOBITSKINTEMS . UNOL 19 T 1 3 SKNT19 DEG.FAMHR 372.8 397.5 441.5 49B. 6 549,6 570.2

B4. SKIN TEMP. NJ. 20A SKNT20A DEG . FAHR 345,.1 468.5 710.5 90B.5 10%9.9 1109.0

85. SKIN TEMP. NO. 21A . SKNT21A DEG.FAHR 342.3 451.9 739.8 9B0.3 1165.9 1225.4
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BELL AERCSPACE TEXT RUN

0716 REV.01/08/86 MDDEL 8911 _ - PRELIMI NARY TEST REPORT - 50 LB. D2/H2 ENGINE S/N 2 PAGE oF
RAROMETRIC PRESSURE 14.51 PSIA 1/C AT 0.37720 IN2 MODEL NO 8911
T IME OF_RUN 1058 _HPS . . Tsc__ AE 15.1360 INZ 1ESY DATE _O2/18/87
1 ENGTH OF RUN 5.0 SC FUEL NOM 0.0 LBS/SEC 1EST CELL  A-2
FUEL SP.GR. 60760 0.0 MMH OXID NOM 0.0 LBS/SEC TEST NO 441 6
OX ID $P.GR. 60/60 0.0 N2D4 FSG__NOM__ 0.0 Y/C SN
—FJEL TRIM ORIFICE 0SG  NOM 0.0 INJ S/N
OXID TRIM DRIFICE F/0X VAL S/N
L EXTRA PARAMETERS

PARAMETER SYMBOL UNITS STATIC 1.0 2.0 3.0 4,0 4ok
£2. CELL AMBTENT TEMPERA TIRE R T YAMS DEG.FAFR 96.7 96.5 9¢.0 95.6 95.4 9%. 4
63. FUEL CAVITY TEMP, FCT DEG.FAHR  378,5  495.7 £70.5 599.3 6l4.7 619.8
64. NOZZLE LAND TEMP, o ~ NLT _ DEG.FAFR 374.9  B17.3  8€0.2 87T9.5 B87.9  890.3
652 SKIN TEMP, NO. 1 SKNT1 DEG«FAHR 26T.4 266.5  2€5.5 2€3.t 262.0 261.3
66. 0.0 0.0 0.0 C.0 0.0 0.0
67. SKIN TEMP, NO. 3 o ~_ SkN12_ DEG. FAHR 313.4  313.2 313.1 314.2  318.4  321.3
&8 SKIN TEMOL NO. & . ’ SKNT4 ~ DEGe.FAKR  307.1 376.7 166.2  3B6.7  41B.1 430.8
69. SKIN TEMP, NDO. S SKNTS DEG.FAHR  312.9  321.0 234, 4 150, € 3T71.7  38l.2
70. SKIN_TE“P. NO. 6 IS~ SKNT6 _ DEG.FAHR __ 320.0 323.9  334,0 354,99 385,01  400.0
oSk IN TEMP L NTL T . o SKNT? DEG.FAHR  312.8 316.8 228.6 352.1  387.T  404.7

72. SKIN TFMP, N3, 8
73. SKIN TEMP, NO. 9
— 34 SKIN TEMP. NO. 10
75. SKIN TEMP, NJ. 11
76, SKIN TEMP, NO. 12
F7 7 SK IN TEMP NI 137
78, SKIN TEMP. NJ. 14

SKNT3  DEG.FAMR  269.5  266.9  262.¢ 258.9 255.8  255..
SKNTO _ DEG.FAKR___270.6  268.3 265.3  262.9  262.0  262.5

SKNT10  DEG.FAWR  339.0 410.3  60l.7 787.5 9a4.4  99B.7
SKNT11  DEG.FAHR  336.2  418.1  €47.1 880.6 1075.5 1141.5
SKNT12  DEG.FAMR _ 363.7  396.9 503.6 _¢607.9 _688.9 T15.%
OKNT13 ~ DEG.FARR  368.3  372.7  4l4.6 482.4 bSb%l.3  576.8
CKNT14  DEG.FAFR  368.8  368.4  3€5.3 358.7  35C.2  346.7
79, SKIN TeEmp, NI, 15 o SKNT15 DEG.FAHR _ 368.3  367.8  365.3 356, 8 352.6  349.5
—H0. SKIN TEMPLNOT 16 T S SKNT1S DEG.FAHR  366.1  365.2  3€S5.4  365.1 366.0 366.1
B1. SKIN TEMP, NO. 17 S CKNT17  DEG.FAHR  362.5  362.4  362.4 362.5 362.7 362.8

82. SKIN TEMP. NO. 18 A o SKNT18  DEG.FAHR  348.0 362.6 397.4 436.5 _ 478.0  494.7
73, SKIN TEMO . ND. 197 T T SKNT19 DEG.FAHR 359.6 378.3 416.3 454.8 494,1 510.0
84, SKIN TEMP,. NO. 20A SKNT20A DEG.FAHR 353,6  459.3 674.8 g6l.6 1011.6 1063.3
85. SKIN TEMP. ND. 21A R o SKNT21A _ DEG.FAHR 349.6 458.3 701.2 924.3 1106.8 1167.5
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BELL AEROCSPACE T EXTRON
_P716 REV.01/06/86 MIDEL 8911 - PRELIMI NARY TEST REPORY - S0 LB. 02/H2 ENGINE S/N 2 OF
RAROMETRIC PRESSURE 14.51 PSIA T/¢C AT 0.37720 IN2 MODEL NO 8911
TIME OF RUN 1115 HRS —— T/C___ AE 15.1360 IN2 TEST DATE 02718/87
LENGTH OF RUN 5.0 SEC FUEL NOM 0.0 LBS/SEC 1EST CELL A-2
FUEL SP.GR. 60/69 0.0 MMH CXID NOM 0.0 LBS/SEC TEST NO 461 7 -
DX 1N SP.GR. 60760 0.0 N204 FSG__NOM__ 0.0 1/C_S/N
TTTFJEL TRIM_ DRIFICE 0SG NOM 0.0 INJ S/N
OXID TRIM ORIFICE F/0X VAL S/N
e __ EXTRA_PARAMETERS
PARAMETER SYMBOL UNITS STATIC 1.0 2.0 3.0 4.0 4.4
— &7 CELL AMBIENT TEVPERATIRE T TTTT TTTTTTT T AMB NEG .« FAHR 97.5 97.2 97.0 96.9 96.8 96.8 ~
63. FUEL CAVITY TEMP, FCT DEG.FAHR  391.5 488.8 S512.4 507.0 506.3 507.5
64. NOTILE LAND TEMP, ~_  NLY____DEG.FAHR 387.9 _ 802.1 819.0 822.2 820.6 820.%
65. SKIN TEMO . NJ. 1 SKNT1 DEG.FAHR  266.6 26642  264.1 262.4 260.1 234.5
66, 0.0 0.0 0.0 0.0 0.0 0.0
67« SKIN TEMP, NO, 3 SKNT3 DEG. FAHR 307.0 307.0  306.8  308.9 315.6 319.Y
8. SKIN TEMP, NO. 4 mmr—— s =T T T T TUoKNTR DEG.FAHR - 301.2 338.9 91,4 441.6  48B.4 SV6.1
69. SKIN TEMP. ND. 5 SKNT5 DEG.FAHR 305.7 324.8  353.2 383.9 418.7 433.6
70. SKIN TEMP, ND. & e SKNT6  DEG.FAHR 314.9 324.2  345.9 382.0 429.2  450.3
T1. SKIN TEMP, NO. 7 SKNTT DEG.FAHR 305.9 314.7 338.9 379.5 432.7 45604
72. SKIN TEMP_ NDO. 8 SKNT8 DEG. FAHR 270.9 26T«4 262.0 257.5 253.8 252.8
73. SKIN TEMP, NO. 9 B o ~ SKNT9__ DEG.FAHR 270.8 267.8 263.7 260.9  260.1 260.9
T4, SKIN TEMP, NO. 10 SKNT10 DEG.FAHR  339.6  440.2 684.5 898.0 1060.2 1111.8 g (@)
75. SKIN TEMP, NO. 11 SKNT11 DEG. FAHR 336.2 438.6 76C.2 1037.1 1238.1 1304.2 My |
76. SKIN TEMP . NO, 12 L L SKNT12  DEG.FAWR___372.8  414,2 532.3 €34.6 105.3 726.5 -
7 TSKINTTEMP O NG 13T T SKNT13 T DEG.FAMR  378.5  385.6  434.5  209.5 578.1 601.9 o= ‘
78. SKIN TEMP. ND. 14 SKNT14 DEG. FAHR 380.4 379.6 373.8 363.5 350.9 345.7 o= L
79. SKIN TEMP, NO. 15 . ~_ SKNT15 _ DEG.FAHR 379.6 378.4 373.1 _ 363.5 351.9  346.9 ar
—§0. SKIN TEMP. NO. 16 T SKNT16 DEG. FAHR 373.4 373.0 373.2 373.2 373.2 373.2 O T
Rl. SKIN TEMP. NO. 17 SKNT1? DEG.FARR  369.7 369.7 369.6 369.7 370.2 370.4 c
8»;4._SS<1N_TE‘!PA._N'O,_;1‘8_~ . ___SKNTiB _ DEG.FAHR 326.8  351.9 410.2 476.0  543.% 510.3 o
——§3. SKIN TEMP. ND. 19~ SKNT19 DEG. FAHR 338.4 368.2 42649 487.71 550.2 575.3 - m
84, SKIN TEMP. NO, 20A SKNT20A DEG.FAHR  355.8 501.1 162.5 964.7 1107.5 1151.9 1 -
85. SKIN TEMP, NO. 21A SKNT21A DEG.FAHR  351.8 486.3 807.3 1055.4 1232.4 1288.1 w
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BELL AERDSPACE TEXTRON
P7T16 RPEV.01/08/86 MODE L BS}L__“:apnglﬂjﬁgkv TEST REPORT - S0 LB. 02/H2 ENGINE S/N 2 PAGE Uf
TESTS 4418 - 4420 CELL A-2 DATE 02/18/787 — 02718787  TEST REF. 911-E-001
“TTEST HAROWARE AND PROPELLANT NOM INALS
CHAMBER S/N T/C AT(AMB) 37720 1IN2 FSG NUM (60/60) 0.0 p
INJECTOR S/N . mc AE AE(AMB) 15.36 IN2 0SG NUM (60760} 0.0
F/0X VALVE S/N - FUEL NOM -0 LBS/SEC
DX10 NOM -0 LBS/SEC
—_— T T T T — T T T © """ pERFORMANCE T EST. DATA SUMMARY
MEASURED
TEST DUP DATA #s&sDCess SEXRATIO*4S WIOT  C®  *%sF INF2%* * *2[SP INFe* CF OFP FFP UFT FET T0TAL pPO__ DPFH PA
NO. PNT PRESS ROUG™ 1EST coR ™ = T TesT COR TVEST  COR INF 1 MPULSE COR COR
SEC SEC PSIA PERC LB/SEC FT/S LBS L8S SEC SEC PSIA PSIA DEG.FAHR LB-SEC PSID PSID PS1A
4418 - T T ' T
0.0 1.0 104.4 0,0 4.107 0.0 .196127 5656. T0.97 0.0 361.9 0.0 1.802 390. 298. B82. 82. 0.0 V.0 0.0 0.035
2.0 1064.7 0.0 4,093 0.0 .196551 6427, 70.82 0.0 360.3 3 0.0 1,805 390. 2 29Y. B2, 719 0.0 0.0 0.0 0.030
—3.0 103.9 0.0 4.070 0.0 .196832 6410. 70.86 0.0 360.0 0.0 1.808 390, 299% 9. Ble T4e 0.0 0.0 0.0 0.O27
4.0 102.3 0.0 4.046 0.0 _1970595 6368, 70.63 0.0 358.4 0.0 1.812 390. 300. Bl. 67« 0.0 0.0 0.0 0.025
5.0 103.1 0.0 4.025 0.0 .197338 oaa«,A70.54~_9.o‘&;51,9__>o.g 1.814 390. 300, Bl. 62. 0.0 0.0 0.0 0.023
“{0.7 103.6 0.0 3.982 0.0 .198073 63564 TD.44 0.0 355.6 0.0 1.802 390. 299. “80. 48. 0.0 0.0 0.0 0.020
15.0 104.3 0.0 3.983 0.0 .198R03 6373. T70.90 0.0 356.6 0.0 1.802 389. 298. 76. 45« 0.0 0.0 0.0 0.019
20.0 1N04.8 0.0 4,003 0.0 .169777 6369, 71.32 C.0 357.0 0.0 1.805 390. 298. Tl. 44. 0.0 0.0 0,0 0.019
59.%4 105.3 0.0 4.046 0.0 .2014T1 6346, T1.68 T0.0 355.8 0.0 1.805 390. 299. 6l 45. 0.0 U.0 0.0 0.019
4419 ) o L B . B
T3040 i,67ib4.3 0.9 6.098 0.0 .210507 6053, T2.66 0.0 345.2 0.0 1.836 445. 231. 19. Tbe 0.0 0.0 0.0 D.U3%
2.7 104.7 0.0 6.087 0.0 S210556 6042, T2.68 0.0 345.2 0.0 1.840 @45. 232. 19. T5. 0.0 0.0 0.0 0.030
3.0 104.8 0.0 6.071 2.0 L210667 6742, T2.64 0.0 244.8 0.0 1.837 445. 232. 18. T3, 0.0 0.0 0.0 0.028
= 4.0 106.8 0.0 6.049 0.0 ©.210815 6038, T2.47 0.0 343.8 0.0 1.833 &4&, 232. 18. 069 0.0 0.0 0.0 0.026
5.0 105.0 0.0 6.025 0.0 ©210953 6043, 72.47 0.0 343.5 0.0 1.830 444, 232. 18. 65. 0.0 0.0 0.0 0.024
10.0 105.4 0.0 5.952 0.0 L211743 6345, T2.53_ 0.0 342.5 0.0 _1.B24 444, 232. 7. 51, 0.0 0.0 0.0 0.021
- ) ~ 5.0 105.7 0.0 5.949 0.0 S212751 6035, 72.69 0.0 D 341.7 0.0 1.823 444, 232. T12. &6. 0.0 0.0 0.0 0.020
20.0 106.4 0.0 5.976 0.0 _213977 6042. T3.34 0.0 342.8 0.0 1.B27 444, 232. 66. &&. 0.0 0.0 0.0 0.020
29.4 107.3 0.0 6,039 2.0 ,-219922H693ﬁ:~75:£i._9f° 343.7 0.0 1.B34 444e 232, 5T 44 0.0 0.0 0.0 0.020
4420
30,0 1.0 101.5 0.0 8.203 0.0 .223464 5519. T0.57 0.0 315.8 0.0 1.B42_492. 194s 83. 8B, 0.0 0.0 _ 0.0 0.039
T 2.0°101.9° 0.0 B.190 0.0 ©223447 5538, 70.T9 0.0 316.8 0.0 1.842 453. 195. 84. 88. 0.0 0.0 0.0 0.034
3.0 102.2 0.0 8.174 0.0 .223536 5553, 70.93 0.0 317.3 0.0 1.840 493. 196. 85. B87. 0.0 0.0 0.0 0.030
4.0 102.7 0.0 8.151 0.0 .223712 5578, T1.21 0.0 318.3 0.0 1.838 493, 196. 85, B4, 0.0 0.0 0.0 0.028
- e.07103.T 0.0 8.121 0.0 .223903 5594+ TU.38 0.0 318.8 0.0 1.835 493, 197. 85. 80. 0.0 0.0 0.0 0.027
o0 10.0 104.4 0.0 B.009 0.0 .225250 5629. 72.09 0.0 320.0 0.0 1.831 494, 198. 82. 6l. 0.0 0.0 0.0 0.023
| 15.0 105.2 0.0 7.998 2.0 .226969 5628, 72.71 0.0 320.4 0.0 1 1.833 494, 198, 6. 52« 0.0 0.0 0.0 0.022
-d‘GT‘_“'?b p105.7 0.7 8.029 0.0 .22873% s612. 73.36 0.0 320.7 0.0 1.840 ) 494. 198. 68. 4T 0.0 0.0 0.0 0.022
Eg P23 29.4 106.3 0.0 8.104 2.0 .231288 5580. T&.24 0.0 321.0 0.0 1.B52 494, 198, 57. 44 0.0 0.0 0.0 0.022
>
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BELL AERCSPACE T1EXTRON
P716 REV.01/08/786 MINEL 8911 -~ PRELIMI NARY TEST REPOPT — SO LB. 02/H2 ENGINE S/N 2 PAGE OF
BARCMETRIC PRESSWRE 14.51 PSIA /¢ AT 0.37T7T20 IN2 MODEL NO 8911
T IME OF RUN 1132 _HRS o ___T/C___AE 15,1360 IN2 1EST DATE 02/18/87
LENGTH OF RUN 30.0 SEC FUEL NOM 0,0 LBS/SEC YEST CELL A-2
FJEL SP.GR. 60/60 0.9 MU OXID NOM 0.0 LBS/SEC TEST NO 4618 -
NX 1D SP.GR. 60760 0.2 N204 B __ FSG__NOM__ 0.0 1/C_S/IN
TTE)EL TRIN DRIFICE 0SG NOM 0.0 INJ S/N
OX 1D TRIM DRIFICE F/0X VAL S/N :
e ] EXTRA PARAMETERS i .
PARAMETER SyYMBOL UNITS STATIC 1.0 2.0 3.0 4,0 5.0 10.0 1%.0
— 55T CELL AMBIENT TEMPERATWRE TAMB™  DEG.FAHRR 97.8 97.4 97.1 96. 9 96.6 96.5 96.6 -~ 96.6
&3. FUEL CAVITY TEwP, FCT DEG.FAHR 387.4 385.4 375.7 365.8 36l.4  35%5.7 334.8 309.1
64, NOIZLE LAND TEMP, o R _ NLY__ DEG.FAKR __ 383.9 590.4 568. 1 54B. 4 533.4 5216 502.2 _ 497.5
M 65. SKIN TEMP_ ND,. 1 SKNT1 DEG. FAHR 0.0 0.0 0.0 68. 8 42.8 61.3 2647.9 209.7
66, 0.0 0.0 0.0 C.C 0.0 0.0 0.0 0.0
6T7. SKIN TEMOD, NJ, 3 o _ SKNT3 _ DEG.FAKR 307.1 I07.1 3107.1 309.5 316.5 328.9 453.9  600.7
TTTHEASSKIN TEMD NI 4 SKNT4 DEG.FAMR  300.9 348.2 403.1 449,7 4B1.3 521.6 bhh.4 T32.4
69. SKIN TEMP, N3. 5 SKNT5 DEG. FAHR 304.8 335.2 378.0 416.9 453.3 490.0 666.1 798.5
70. SKIN TE¥P, N3. 6 o ____SKNT6 __ DEG.FAHR 313.9 329.5 359,2 398.0 442.9  488.2 651.1 T66.7
UYL USKIN TEMPL NIL T SKNT7 DEG. FAHR 304.8 318.6 347.4 389.0 440.7 496.9 T66.4 868.0
72. SKIN TEMP, NJ. 8 SKNTS DEG.« FAHR 270.7T 269.4 2€5.9 262.1 260.3 259.1 279.3  308.7
73. SKIN TF¥o, NT, 9 o L _ SKNT9 DEG. FAKHR 270.8 269.6 2€7.0 26541 264.9 267.8  330.2 411.6
T4, SKIN TE4S . ND. 10 SKNT10 DEG. FARR 337.3 403.8 5812 129.4 B34.8 909.4 1029.2 1080.5
«T5, SKIN TEMP, N3, 11 SKNT11 DEG.FAFR  334.0 419.3  65&.7 870.4& 1037.% 1167.1 1498.2 1479.4
T6. SKIN TEMP. NJ. 12 o ___ _SKNT12 _ DEG.FAHR 369.2 392.9  _462.8 51T.7  552.3 5T4e2 $91.1 94,3
9 TSKINTYEMP NI 13T SKNT13 DEG. FAHR 374.8 376.3  405.9 441. & 4BB.9 527T.7 670.1 617641
7B. SKIN TFY2, N3, 14 SKNT14 DEG. FAMR 377.4 376.1 370.8  359.1 344.5 328.8 25245 198.3
79. SKIN TEMP, NI, 15 o __ SKNT15__ DEG.FAKR 376.3 375.5  369.2 357.6 343,0 327.0 248B.0 190.0
—RoSCIN TEMS, NILIE SKNT1% DEG. FAHR 371.8 371.4 371.4 371.4 371.4 371.3  362.9 352.3
gle SKIN TEMP, NJ. 17 SKNT17 DEGe FAHR 368.6  368.3 368.3 368.5 36B.5 368.4% 360.6 391.1
R2. SKIN TEMP, NO, 18 . Sknmi8 DEG. FAHR 327.3 342.0 380.3 422.6  464.3 503.5 673.7 B31.2
—RYTSK INTTEMP NI 1T SKNT19 DEG. FAHR 339.7 359.2 403.3  44Y9.6 495.6 S38.2 724.9 902.7
84, SKIN TEWP, NO. 20A SKNT20A DEG.FAHR 353.1 461.2 676.2 844.8 966.8 1057.6 1232.1 1220.2
g5, SKIN TEM?, NJ. 21A SKNT21A DEG.FAHR 348.9 448.3 64,3 B30.7 946.7 1026.6 1164.5 1154.6
_# DN NG
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BELL AFRCSPACE TEXTRUN
PT16 REV.DY/08/86 MDNEL 8911 =~ PRELIMI NARY TEST REPORT — 50 LB. 02/H2 ENGINE S/N 2 PAGE OF
! BAROMETRIC PRESSURE 14.51 PSIA T/C AT 0,37720 IN2 MUDEL NO 8911
| T IMF OF RUN 1132 HRS - 3 __ T/C  AE_15.1360 IN2 TESY DATE 02/18/817
LENGTH NF RUN 30.0 SEC FUEL NOM 0.0 LBS/SEC TEST CELL A-2
FJEL SP.GR, 60/60 0.0 MMH CXID NCM 0.0 LBS/SEC TEST NO 4418
! OX IN SP.GR. 60/60 0.0 N204 o _FSG__NDM__ 0.0 V/C S/IN
TTUFJEL TRYMORIFICE ) 056 NOM 0.0 INJ S/N
OX 1D TRIM ORIFICE F/O0X VAL S/N /
. - o EXTPA PARAMETFRS - o -
PARAMETER SYMBOL UNITS STATVIC 20.0 29.4
€3 CELL AMSTENT TEWPERATIRE TTUTTITTTUT TAMB . DEG.FAKR 97.8 96.9 97.1 -
63, FUEL CAVITY TEMP, FCT DEG . FAHR 387.4 299.3 294.1
64. NDIZLE LAND TEMP, NLT __ DEG.FAHR 383.9  497.6  493.6
3¢5, SKINTTEMP U NT . 1 ST T T T T T USKNTL DEG . FAHR 0.0 0.0 0.0
66. 0.2 0.0 0.0
67, SKIN TEMD, N1, 3 SKNT3 DEG.FAHR 307.1 T17.7 6042
—gBTSCIN TRWPT WY& T T TTTTT SKNT4 DEG.FAHR 300.9 793.9 867.9
69, SKIN TEMP, NO. 5 SKNTS DEG.FAHR 304.8 B75.4 55242
70. SKIN TE4P. NO. 6 SKNTE DEG . FAHR 313.9  B809.2 877.1
T ITUSKINTYEMPLUTND ST 7 - "6} TTTUTTTTT SKNTTT . DEG.FAHR 304.8 922.3 S71.0
72, SKIN TEMP, NO, B s SKNT8 DEG.FAHR 270.7 339,5 381.,2
T3, SKIM TEWD, NI, Q@ e SKNT9  DEG.FAHR 270.8 462.1 %04, 7
—-y% . SKIN TEMPLNDTTID “”‘UO';;“ TTTTTT TUSKNTIJ DEGeFAHR 337.3 1097.9 1109.7
75%. SKIN TEMP. NJ. 11 bad £ SKNT11 DEG. FAHR 334.0 1420.0 13%B.7
T6. SKIN TEMP, N3}, 12 X - SKNT12  DEG.FAHR__ 369.2 590.8 587.7
YT TSKIN TEMPOTND LT3 SKNT13 DEGo FAHR 374, 8 650.1 614e2
78. SKIN TEMP, ND. 14 Lol SKXNT16 DEGeFAHR 377.4 167.9 129.8
79. SKIN TEMP, NJ. 15 L g % __SKNTI5  DEG.FAHR 376.3 159.17 136.3
TTTEYL SKINTTEMS NDLT 16 N = 1 SKNT16  DEG.FAHR  371.8  339.1  314.5
81. SKIN TEMO, ND. 17 =~ SKNTLIT DEG. FAHR 36B.6  339.9 322.2
82. SKIN TEMP, NJ. 18 j B SKNT1B _ DEG.FAHR 327.3 97B.7 1170.6
— a3y SKIN TEMPL NAL 19 T == ST GKNT19  DEG.FAHR  339.7 104B.4&4 1252.7
84, SKIN YEMP, NJ. 204 SKNT20A DEG . FAKHR 353.1 1185.4 1155.0
85. SKIN TEVP, ND. 21A SKNT21A  DEG.FAHR 348.9 1140.1 1125.7

+« DATA N.C.
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BELL AEROSPACE TEXTRON

PT16 REV.01/08/86 MODEL 8911 - ORELIMINARY TEST REPORT - 50 LB. 02/H2 ENGINE S/N 2 PAGE uF
BAROMETRIC PRESSIRE 14.51 PSIA T/C AT 0.,37720 IN2 MODEL NO 8911
T IME OF RUN 1150 HRS T/C AE 15,1360 IN2 TEST DATE_ 027187817
T LENGTH OF RUN 33.0 SC FUEL NOM 0.0 LBS/SEC TEST CELL  A-2
FUEL SP.GR. 60/60 0.0 MMH OXID NO% 0.0 LBS/SEC TEST NO 4419 ,
DX ID SP.GR. 60/ 60" 0.0 N204 __FSG_NDM__ 0.0 1/C S/N
T FJEL TRIW DRIFICE 056G NOM 0.0 INJ S/N
OXID TRIM DRIFICE F/0X VAL S/N /
e _ EXTRA PARAMETERS
P AR AMET ER SY4BOL UNITS STATIC 1.0 2.0 3.0 4,0 5.0 10.0 1%.0
67. CELL AMBIENT TEMPERATWRE TaMB DEG. FAMR 98,4 98.2 97.8 9T. % 97.5 97.5 97.5 _ 97.5
63. FUEL CAVITY TEMP, FCT DEG . FAHR 356.3 426.5 454.1 459.T7 454.9 453.0 439.7 438.0
b4. NOZZILE LAND TEMP, o ~ONLT DEG. FAKR 353.0 716.9 72441 124.6  122.3 719.6 T13.&%  699.2
X &5, SKIN TEMP O ND. 1 SKNT1 DEG. FAFR 0.0 0.0 0.0 0.0 0.0 0.0 271.5 263.0
66 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6T+ SKIN TEMP, NO. 3 SKNT3 DFG. FARR 332.8 332.6 332.7 334,3  340.0 352.0  470.3 620.3
T &B8. SKIN YEMP_ NN, TTTT T T OSKNT4 T DEG.FAHR 323.5 354,9 97,7 442,73 4B84.5 523.6 679.5 182.2

A9. SKIN TEMP. NJ. SKNTS DEG. FAHR 328.6 347.9 378.0 407.0 437.8 471.8 641.9 T81.6

T, SKINTTEMB NS T SKNTT DEG. FAHR 325.9 333.5 3£2.0 383. 6 428.4% 48l.6 739.3 90%.3

%
5
70. SKIN TEMP, NJ, 6 SKNT6 DEG.FAHR 333.7 342.8 362. 4 393.7 433.4 476.9 669.8 7B87.6
e 1

72« SKIN TEMP, NO. 8 SKNT8 DEG. FAKR 280.8 279.7 27157 271.9 268.9 267.3 2B4.3 321.8

73, SKIN TEMP, NO. 9 SKNT9 DEG. FAHR 279.6 278.1 275.2 273.0 2712.7 2715.2 338.2 430.17
YL SKIN YEMPL,ND L 10 SKNT10 DEG . FAMR 337.7 414.9 €20.3 795.3 920.5 1011.9 1214.4 1260.9
75, SKIN TEMP, NJ. 11 SKNT11 DEG. FAHR 336.9 422.3 66244 B97.3 1090.6 1237.5 1609.3 1719.6
7T6. SKIN TEMP. NJ. 12 _ SKNT12__ DEG.FAMR 345.1 377.0 477.1 563.1 _ 617.1__ 650.6 709.2 719.7
TS SKIN T TEMP . NOL 13 e 1 DEG o FAHR 348,0 352.5 38641 440, S 499.2 5521 700.0 156.4
78. SKIN TEMP, NJ. 14 SKNT14 DEG. FAKR 348.9 348,2 343,5 334.3  323.1 310.9 253.0 209.6
79, SKIN TEMO, ND. 15 ) __ SKNT15__ DEG.FAKR  349.1 348.2 343,8 335.% 325.1 314.0 259.5 215.3
—B0. SKIN TEMP, NJ. 16 - TSKNT16 DEG. FAHR 350.2 349.4 349, 4 349, 4 349.4 349,2 34b.7 340.9
Bl. SKIN TEMP, NJ. 17 SKNT17 DEG.FAHR 34T.4 347.0 346.9 346.9 347.0 347.3 347.5 345.0
82. SKIN TEMP. NJ. 18 SKNT18 DEG. FAHR 341.6 360.3 406.9 458, % 51045 561.8 792.6 976.5
TEITSKCIN YEMP L ONDLT19 - - "7 SKNT19 DEG. FAHR 353.9 37T.4 427.7 479.3 530.3 580.9 B28B.6 1048.6
84, SKIN TEMO, NO. 20A SKNT20A DEG . FAHR 348.7 461.5 689.4 874.2 1007.0 1101.3 1286.9 1322.7
85. SKIN TEMD, NO, 21A SKNT214A DEG. FAHR 345.1 451.8 683,1 B84.1 1044.7 1164.1 143B.3 1502.5
© 0O
+ DATA N.G. m X
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BELL AEROSPACE TEXTRON
p716¢ PEV.01/08/86 MONEL 8911 — PRELIMINARY TEST REPORT - 50 LB. 02/H2 ENGINE S/N 2 of
BAROMETRIC PRESSURE 14.51 PSIA T/¢C AT 0.37720 IN2 MODEL NO 8911
TIME OF RUN 1150 HRS T/C_ AE_15.1360 IN2 TESY DAYE 02/)18/781
LENGTH OF RUN 30.0 SEC FUEL NOM 0.0 LBS/SEC TEST CELL A-2
FJEL SP.GR. 60760 0.0 MMH OX10 NOM 0.0 LBS/SEC TEST NO 4419 .
DX 1D SP.GR. 60/60 0.0 N20& FSG__NOM__ 0.0 T/C _S/IN
—fJEL YTRIW ORIFICE 0SG NOM 0.0 INJ S/N
OX 1D TRIM DRIFICE F/70X VAL S/N
o ) __ EXTRA PARAMET ERS
PARAMETFR SYM3OL UNITS STATIC 20.0 29.4
&3, CEULU AWRIENT YEMNSERATIRE TAMB  OEG.FAHR 98.4 97.9 98.0 -
63. FUEL CAVITY TEMP, FCT OEG .FAHR 356.3 &43.8 441.0
€4. NOZZILE LAND TEMP, L _ ___NLT___ DEG.FAHRR 353.0 689.8 688.7
¥ 65. SKIN TEMP U ND, 1 SKNT1 NEG.FANR 0.0 0.0 0.0
66. 0.0 0.0 0.0
&7, SKIN TEMP, ND. 3 __ _SKknT3 DEG.FAKR 332.8 755.9  S41.8
6R., SKIN TEMP. NDO. 4 SKNTSG DEG.FAHR 323.5 846.9 922.2
69. SKIN TEMP, NO. 5 SKNT5 DEG.F AHR 328.6 887.1 1010.2
70. SKIN TFMP, NJ. 6 o ~_ SKNTH __ DEG.FAHR 333.7__ 854.9 921,3
TTYTLTSKIN T TEMPLNG. T - TTTTTT T o T SKNTT DEG . FAHR 325.9 1001.5 1C96.1
72. SKIN TEMP, NO. 8 SKNT8 DEG.FAHR 280.8 354.4 393,2
73. SKIN YEMP, NO. 9 SKNT9 DEG. FAHR 2719.6 507.0 592.2
“TF%. SKIN TEMP., ND. 10 - SKNT10 DEG.FAHR 337.7 1263.0 1264.0
75. SKIN TFMP. NJ, 11 o SKNT11 DEG.FAHR 336.9 1733.3 1706.9
__T6. SKIN TEMP, NO. 12 S __ SKNT12_ DEG.FAHR 345.1 720.0 721.8
77 SKIN TFMD, NG, 13 L SKNT13 DEG. FAHR 348.0 T74.5 177.2
78. SKIN TEMP, NO. 14 "0 S:.j SKNT14 DEG.FAHR 348.9 180.5 1564 4
79. SKIN TEMP, NI, 15 Q Y. SKNT15 __ DEG.FAMR 349,1 184.8 161.0
—B0. SKIN TEMP, NO, 1 ;‘}fﬁ‘ - SKNT16 DEG. FAHR 350.2 334.1 321.7
81. SKIN TEMP, NJ. 17 SKNTLT DEG.FAHR 347.4 340.8  333.9
82, SKIN TEMP, NO. 18 O ____ SKNT18 DEG. FAHR 341.6 1124.7 1323.0
eI SKINTTEMP NG IO (=S " "SKNT19  DEG.FAHR  353.9 1229.2 1491.2
B4. SKIN TEMP, NJ. 2NA ?_ ¥ SKNT20A DEG.FAHR 348.7 13644.0 1336.6
85, SKIN TEMP, NO, 21A - SKNTZ21A DEG. FAHR 345,1 1489.1 14641
< &
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BELL AERCSPACE TEXTRON

PT716 REV.01/08/86 MODEL 8911 __ - PRELI M NARY TESY REPORT — 50 LB. U2/H2 ENGINE S/N 2 PAGE OF
BARCMETRIC PRESSIRE 14.51 PSIA Y/C AT 0.37720 IN2 MODEL NO 8911
T IME DOF RUN 1339 HRS L T/C___ AE _15.1360  IN2 TEST DATE 02718787
— T ENGTH OF RUN 30.0 &C FUEL NOM 0.0 LBS/SEC TEST CELL A-2
FUEL SP.GR. 60/60 0.0 MMH OXID NOM 0.0 LBS/SEC TEST NO 4420 .
OX ID SP .GR. 60760 0.0 N204 . _FsG _NOM 0.0 T/ _S/N
“—FJEL YRIM DRIFTI - 0SG NOM 0.0 INJ S/N
OX 1D TRIM DRIFICE F/0X VAL S/N !
- L _ EXTRA_PARAMETERS
P AR AMETER SYM3OL UNITS STATIC 1.0 2.0 3.0 4,0 5.0 10.0 15.0
—— g7 TECL AMBIENT TEYIERATIRE il ’ —— """ TAMB  DFG.FAHR 101.2 100.8 100.2 100.0 99.9 99.9 99.9 _100.5
63, FUEL CAVITY TEMP, FCT DEG . FAHR 121.0 318.1 427.3  482.2 50%9.9 527.8 552.8 560.2
64. NDZILE LAND TEMP, L NLT  DEG.FAHR _ 117.1 649.5 7125.8 761.9  187.9 802.5 828.4 839.9
€. SKIN TEWP. ND. 1 SKNT1 DEG. FAKR 110.2 110.4 11C.1 110.1 109.7T 109.5 108.1 106.2
65, 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0
€7. SKIN TF¥P, N1. 3 I SKNT3 _ DEG.FAHR 111.1 111.1 111.2 112.2 116.3 12%.2 244.6 _ %1T.6
— 485 SKIN TEWP . NI, 4 SKNT6 DEG.FAHR 101.9 140.2 184.0 233.6 280.9 325.3 524.5 682.0
69. SKIN TEP. NJ. 5 SKNTS DEG.FAHR 108.4 130.1 159.2 182.9 214.0 249.1 441.8 618.8
70. SKIN TEMP, ND, 6 . SKNTS DEG,.vaAfHB___l,O’_I,.()_”IZV}.48__,_;1!34-6 1/1.6 207.4 256.2 925.4 _T16.6
— T2 SKIN TEMP, NDo 7 SKNTT DEG.FAHR 106.9 119.2 144.3 174.8 217.3 272.6 571.3 7T90.5
72, SKIN TEMP, N3, 8 SKNT8 DEG . F AHR 99.7 101.6 10C. 8 100.4 100.% 101. 4 132.8 196.1
71, SKIN TYEM?, NJ. 9 I SKNT9  DEG.FAHR 107.3 100.7 95,8 100.0 101.6 105.7 182.2 309.6
—¥% . SKIN TEMP. NJ. 10 ' SKNT10 DEG . FAKR 112.6 187.7 41%.9 642.2 829.5 983.9 13B4.2 1514.8
T5. SKIN TFuP. N1, 11 SKANT11 DEG.FAHR 112.8 181.2 448.9 T25.0 962.0 1150.6 1654.0 1824.9
76, SKXIN TE¥P. N1, 12 I SKNT12  DEG.FAHR _ 1181 143.17 274.8_ 408.5 5;,2._c,_,__‘sqz.gA_W_las,.a___use,s
—3F.GRIN TEMS . NIL 13 SKNT13 DEG.FAMHR 119.9 124.0 16l.4 240.4 330.6 409.3 645 .6 Tad.l
78. SKIMN TEMP. N3. 14 SKNT16G DEG.FAFR 117.0 117.1 116.6 116.2 116.1 116.6 124.3 129.6
79, SKIN TEwP, 4J. 15 . SKNT15  DEG.FAHR 118.9 118.9 118.5 118.2  118.5 119.6 130.7 138.6
“‘B’o.'S’K"m”rEi«‘o‘."N'J'.’Te'—‘_ T T SKNTL6 DFEGe FARR 116.5 116.1 116.2 116.5 117.0 118.2 131.0 148.3
B1. SKIN TEMP, NJ. 17 SKNTL7 DEG. FAHR 114.0 113.9 113.9 114.2 114.7 115.6 128.2 146.9
82, SKIN TEMP, NJ. 18 L o A_Wsmna_*oe‘s,.ﬂgm 94.8  113.4 162.2 219.0  279.6  339.17 645.2 _ 913.9
—-g3, SKIN TEMP, NI 19 ~ - ) ) SKNT19 DEG . FAHR 97.4 117.7 167.7 223.6 28Bl.9 339.4 615.7 B76.3
R4, SKIN TEMP. NJ. 20A SKNT2DA DEG. FAHR 116.7 220.4 4B4. 6 108.0 B87.5 1031.3 1375.6 1470.8
85. SKIN TEMP, NJ. 21A ______________AV'___SrK#Nj’AZIIVA DEG . FAHR 114.9 213.2  499.8 765.2 980.8 1150,2 1579.8 1719.0
g ©
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BELL AERDSPACE TEXTRON

PT1& REV.01/0R/86 MIDEL 8911 - PRELIMINARY TESY REPORT — 50 LB. D2/H2 ENGINE S/N 2 PAGE OF
BAROMETRIC PRESSURE 14,51 PSIA T/¢C AT 0.37720 IN2 MUDEL NO 8911
T IME OF RUN 1339 HRS 1/C_ AF 15.1360 IN2 TEST DATE 02/18/87
LENGTH OF RUN 30.0 SEC FUEL NOM 0.0 LBS/SEC 1EST CELL A-2
FUEL SP.GR. 60/60 0.0 MMH OXID NOM 0.0 LBS/SEC IEST NO 4420
OXID SP.GR. 60/60 0.0 N204 ___FSG__NOM__ 0.0 1/ _S/N
T FJEL TRIW DRIFICE 0SG NOM 0.0 INJ S/N
OXID TRIM ORIFICE F/70X VAL S/N
___EXTRA PARAMETERS
PARAMETER SYMBOL UNITS STATIC 20.0 25.4
62. CELL AMBIENT TEMPERATURE - TAMB DEG.FAHR 101.2 100.8 101.3 -
63. FUEL CAVITY TEMP, FCY DEG «FAHR 121.0 564.0 566.4
64, NOZZLE LAND TEMP, ) , CNLT DEG. FAHR 117.1 B44.6 848.6
A5, SKIN TEMP, NJ. 1 SKNT1 DEG. FAHR 110.2 105.0 104.0
66. 0.0 0.0 0.0
67+ SKIN TEMP, NJ. 3 SKNT3 DEG. FAHR 111.1 577.6 809.2
TTERTSKIN TEMP L NITTS T T T T SKNT4 DEG.FAHR 101.9  796.3 932.2
£9. SKIN TEMP. N3, 5 SKNT5 DEG.¥F AHR 108.4 T757.7 931.4
70. SKIN TEMP. N3. 6 _ SKNT6___ DEG.FAHR ____107.6 B838.7 964, &
T1. SKIN TEMD, NO. 7 - ST SKNT7 DEG.F AHR 106.9 934.2 1084,5
72. SKIN TEMP. NI, 8 SKNT8 DEG.FAHR 99,7 262.2 345.6
73. SKIN TEMD, NJ, 9 _ SKNTS 0fG. FAHR 100.3 414.1 540. 7 o W
74, SKIN TEWP,. NJ. 10 SKNT10 DEG. FAHR 112.6 1554.9 1575.8 m
75. SKIN TEMP, NJ. 11 SKNT11 DFGe FAHR 112.8 1884.4 1909.5 v =
76. SKIN TEMP, NJ, 12  SKNT12 _ DEG.FAHR 118.1  860.1 882.3 =
T SKINTTEWwP L NDL 132 T SKNT13 DEG.FAHR- 119.9 795.6 843.8 o
78. SKIN TEMP. N3, 14 SKNT1é& DEG.FAHR 117.0 131.8 131.7 o
79, SKIN TEMP. NJ. 15 SKNT1S DEG. FAHR 118.9 141.8 142.9
B80. SKIN TEMP. NJ. 16 SKNT16 DEG. F AHR 116.5 164.6 187.0 ‘g .
81. SKIN TEMP. NJ. 17 SKNTL? DEG. FAHR 114.0 165.9 194.9 > o
82. SKIN TEMP. NI, 18 __SKNT18 DEG. FAHR 94.8 1130.0 1411.4 - r
B3, SKIN TEAP . NJ. 19 SKNT19 DEG. FAHR 97.4 1106.5 1430.1 i
R4. SKIN TEMP, NO, 20A SKNT20A DEG. FAHR 116.7 1500.9 1519.8 =< .
85. SKIN TEMP. NJ. 21A SKNT21A DEG. FAHR 114.9 1754.0 1173.8

LE






CELL = A-2 4421 NATE = 02/19/87
TITAL IM2ULSE
PULSE NC. PC FA 1 AVG £ ON TIYE OFF TIME oFP FFP PA
1 6.78296 11.50262 11.51332 11.50797 0.270 0.0 552.7 381.2 0.0622
2 7.28537 _12.32031_12.83449_12.82740 0.230 0.200 566 .3 352.3 0.0557
37 7.37450 12.3063 12.91613 12.91125 0.2900 0.200 567 .7 352.1 0.0615
&  T7.43036 13.17325 13.11339 12.10831 0.270 0.200 567.5 355.5 0.0631
5  7.34861 13.,27057 13.20461 13.29258 0,230 0,200 _ 567.0 35642 0.0636
6 7.34529 13.156827 13.17160 13.16993 0.230 0.200 567.1 35645 0.0644
7 7.63941 12.77334 12.97752 12.97543 0.279 0.270 567.3 356.4 0.0655
f 7.30737  12.37279 12.87783 12.37531____ 0.270 0.200 567.% 356.4 0.0660
3 7 35808 13.13913 13.14455 13.14134 0.270 0.200 567 .4 356.7 0.0668
10 7.35633 13.17255 13.17675 13.17464 04200 0.200 567 .4 356.6 0.0675
11 7.27715 12.53180 12.63954 12.58567 0.210 0.200 567.% 356.8 0.0676
12 735518 13.03629  13.04215 13.03922 0.270 0.200 567.5 356.7 0.0684
13 7.35717 13.15719 13.15911 13.15814 0.270 0.200 56T.7 356.6 0.0690
14  7.36847 12.39651 12.91731 12.90841 __0.270 0.200 567.7 357.1 0.0693
“ 15 TTT7.ATI07 12.48339  12.4343% 12.48386 0.270 0.200 56T.7 357.2 0.0697
SUM ITOT= 109.44823 193.12422 193.21559 193.16998
Ny FRALL SUM TT3T = L 193.16988 _
TTuEAM= 3739655 12.87496 12,8810 12.87800 0.270 0.200
MIN= 6.78296 11.50262 11.51332 11.50797
MAX = 7.43941 13.27057 13.2n461 13.20258 =
“”31G«l?“"‘"‘“h;issé3"’b:43067“”’0.%29«o“'0.43003‘
SAMPLES= 15 15 15 15
g™ X=  0.1094483032225562D 53 9.19312433910369870 03 0.19321566295623780 03 0.1931699523925781D0 03

SUM X#%7= 0.79897208837899262D 03 7. 24R906401062C1170 O4 0.24914008941650390 04 0.24902210333251950
_ BULSES OMITTED FROM STATISTICS=_ 0 0 0 0 0 0 0 9 0 0 0.0 000000 000

06

Symbol Units
—_— PC = |mpulse PC = e e
Chamber Pressure x Throat Area x Time, = Ib-sec
FA = Thrust Bridge A, Ib-sec
e FB = Thrust Bridge B, Ib-sec St (o) (@)
AVGF = Thrust Average, Ib-sec X
ON TIME = sec —
T OFFTIME = sec T o =
OFP = QOxidizer Feed Pressure, psia OoXx
_ FFP = Fuel Feed Pressure, psia [ __?U r
PA = Test Cell Pressure, psia QO 0
Cc >
- > O
e e e e e —em - o m R . -
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| i | J | { | |
CELL = A-2 4422 DATE = 02/13/87
TITAL IM2ULSE
PULSE NC. PC FA FB AVGC F ON TIME OFF TIME OFP FFP PA
1 3.00243  6.41752  6.42528  6.42140 0.129 0.0 562.1 338,2 0.0611
2 . 4,20153 7.39581 7.31%46  7.31013 0.129 0.120 55542 345.5 0.0487
3 4.04201 7.13165 7.19151 7.18658 0.121 0.119 554.1 352.9 0.05589
4  4,19831 7.24225 1.24839  T.24557 0.120 0.119 554.5 35645 0.0602
s  4,181271 7.45983 7.464610__ 7.46199 0.120 0.120 554,7 35647 0.0623
6 4.02973 7.09324 T.10172 T.09748 c.120 0.120 55447 357.2 0.0632
7  3.95686 6.837467 6.88349  6.37903 0.120 0.120 §54.8 357.3 0.0629
8 4.15381 7.34993 7.35843 _ T.35418 0.120 ___ 0.120 554.7 257.3 0.0631
) 4. 17742 7.35901 7.36510 T.36256 0.120 0.120 554.8 35742 0.0628
10 4,11788 7.32865 7.33527  71.33196 0.129 0.120 555.1 357.4 0.0628
11 4.231TM 7.4)544 7.41095 7.40820 0.120 0.120 554,58 157.4 0.0646
12 %.19537 7.51140  1.516956  7.51418 0.120 0.120 555 .0 357.4 0.0655
13 4.15871 7.30477 7.31073 7.30775 0.129 0.120 554.9 357.4 0.0638
16 4.16773 1.33927  7.39342 7.39135  0.120 D.120 554.9 357.6 0.,0649
15 %.17822 T. 44749 7.45118 7.64334 0.120 0.120 555.1 357.6 0.0645
SyM ITOT= 61.89136 108.67088 108.77243 108,72163
GV ERALL SU¥ IT3T = 108.72153
—HEAN=TT T 4.12610 T.Zifff'_71231567“T.ZABIZﬁ_ﬂ_beiﬁ 0.120
M IN= 3,90248 6.41752 6.,42529  6.462140
MAX = 4.23771 7.51140  7.51696  7.51418
S IGMA= 0.09311 0.27926  0.27828 0.27817
S AMPLES= 15 15 15 15
TIM X= 0.61891472916467230 02 5.1086709734993159D 03 0.10877250099182130 03 0.10872173690795900 03
SUM X#%2= 0,.25550506210327150 03 0.78838389587402340D 03 0.789847961642578120 03 0.7891157073974609 03
PULSES OMITTED FROM STATISTICSs 9 0 0 0 0 O 0o 0 0 0 0 0 0 0 00 0O 0 0 0 0
Symbol Units [eNe]
M3
— PC = \mpulse PC = . - =
Chambper Pressure x Throat Area x Time, = ib-sec o E
FA = Thrust Bridge A, Ib-sec O
_— 8 = Thrust Bridge B, ib-sec =
AVG F = Thrust Average, |b-sec Q0
ON TIME = sec C >
7T OFFTIME = sec , r'E ‘.:,{
oFP Oxidizer Feed Pressure, psia —
_. FFP = Fuel Feed Pressure, psia o j r
PA = Test Cell Pressure, psia

6€







\ | | | { | { { { { | { | | { i | |
CELL = A-2 4423 NATE = 02/18/87
TITAL IMPULSE B
T PULSE NO. pC A FB AVG F ON TIME OFF TIME OFP FFP PA
I 1 1.41306 2.14872 2.14927 2.14900 0.0560 0.060 550.7 341.6 0.0402
: 2 1.78571 2.982483 2.99352  2.98300 _ 0.060 0.060 585.9 353,17 0.0402
[ 3 1.70557 2.91373 2.91533 2.91483 0.050 0.060 57645 353.8 0.0461
4 1.6874% 2.91327 2.91752 2.91540 0.240 0.060 581.8 152.¢ 0.0500
1 5 1.44589 2.41688 2.5213§___2.618987__m”0.060 ~_ 0.060 581.2 353.0 0.0522
| 6 1.64953 2.85438 2.85946 2.85692 0.060 0.060 580.7 353.4 0.0534
1 7 1.70788 2.96970 2.97516 2.97243 0.0560 0.060 580.6 357.0 0.0551
: 8 1.60911 2.79730 2.79323 __ 2.79027 0.060 0.060 581.5 357.8 0.0562
TG T 1.43907 2.40843 2.41362 2.41103 0.060 0.060 581.2 357.9 0.0565
i 1n 1.49211 2.50122 2.50174 2.50448 0.7560 0.060 580.3 357.9 0.0563
. 11 1.69282 2.94465 2.967985 _ 2,94725 0.060 0.059 581.2 157.7 0.0559
; 12 1.60774 2.73493 2.79903 2.79698 0.061 0.059 581.1 358.7 0.0558
13 1.57231 2.77472 2.70751 2.70617 0.061 0.059 581.4 358.7 0.0563
14 1.31776 2.15572__ 2.15907 2415740 __ 04751 0.059 581.1 358.6 0.0559
. 15 1.57935 2.70185 ~ 2.70448 2.70316 0.051 0.059 580.9 354.9 0.0557
. SUM 1TOT= 23.70530 40.19794 40.25652 40,22720
. NV ERALL SUM ITOT = 40,22720
—WEANT — 1.EA0&0  2.5671987 37693717 2.68182 0.0A0 0.060
. MINs 1.31776 2.14872 2.,14927 2.14900
. MAX= 1.78571 2.9R248 2.98352 2.98300__
STOVA= 0.13294 — 3.3 38570 0.28631  0.23585 ’
S AMPL ES= 15 15 L5 15
SUM X= n.2?76ﬁbhq7aiii?iﬁﬁ“ﬁi'ﬁ?ﬁﬁiéth8046E7%000 02 0.40256579399108880 02 0.4022728538513183D0 02 O
UM x#®x2= 0.37712221145€629890 02 n.108368050575254630 03 0.10918466949462890 03 0.10902627658843590 03 "o
PULSES OMITTED FROM STATISTICS= O O 0 0 0 0 0 0 0 0 0 0 O 00 o 0 0 C 0 © (&
7 S OMITTED FROM STATISTICS= O 2 2 7 2.7 "o Fe—mrmme— e E%fiﬁ
Q>
0
Symboi Units ?: }2
. rC - impulse PC = I &
Chamber Pressure x Throat Area x Time, = lb-sec . .
FA = Thrust Bridge A, Ib-sec j e
— FB = Thrust Bridge B, Ib-sec —
AVG F = Thrust Average, |b-seC
- ON TIME = sec
- OFF TIME = sec
QFP = Oxidizer Feed Pressure, psia
o FFP = Fuel Feed Pressure, psia — e
PA = Test Cell Pressure, psia

ov
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CELL = A-2 4424 DATE = 02718787
TITAL IMPULSE
PULSE NO. PC FA FB AVG F ON TIME OFF TIME OFP FFP PA
1 0.75794 1.15140 1.15262 1.15201 0.040 0.040 551.3 340.6 0.0399
2 0.84682 1.20125 1.20121 1.20123 0.040 0.040 56446 263.1 0.0402 —
3 0.71677 1.09351 1.09738 1.09545 0.040 0.040 S41.6 335.7 0.0402
4 0.69183 1.07869 1.03242 1.08055 0.040 0.040 554.5 37117.4 0.06422
5 0.58691 0.85866 0.86854  0.86865 0.040 0.040 553.9 371.1 0.0644 L
6 0.51653 0.72379  €.72558 0.72468 0.040 0.040 555.2 373.8 0.0468
7 0.71202 1.13120 1.13565 1.13342 0.040 0.040 557.7 371.9 0.0486
8 0.88048 1.29790  1.30033_ - 1.29911 _ 0.040 0.040 554.9 272.8 0.0%92
9 0.70191 0.62508 0.62656 0.62582 0.040 0.040 553.9 373.5 0.0488
10 0.69779 0.562784 0.62929 0.62856 0.040 0.040 555.1 372.4 0.0493
11 0.70007 0.64119 0.646718  0.54218 0.740 0.040 560.4 372.3 C.0504 )
12 0.64104 0.71587 0.71852 0.71720 0.040 0.040 559.1 372.5 0.0523
13 0.72736 1.19133 1.15569 1.19351 0.040 0.039 558.3 372.9 0.0535%
14 0.95651 1.41679 1.41882 1.41780 0.0641 0.039 552.9 374.4 0.0530
15 N &3755  0.61273 0.61639 0.61456 0.041 T 0.039 548.0 374.9 0.0525
SUM ITOT= 10.47750 14.37722 14.41228 14.39475
NV ERALL SUM IT2T = 14.39475
WEAN= 0.6948510 0.95848 €.96032 0.95985 0.040 0.040
M IN= 0.43755 0.61273 0.61639 0.61456
MAX = 0.88048 1.41679 1.41882 1.41780 45%53;
T SIGMAET 0.120107 0.28041 C.23C62 C.23052 m 20
S AMPLES= 15 15 15 15 o o
o=
SUN X= 0.10&77508246893650 02 0.14377220213413240D 02 0.14412283718585970 02 0.14394747734065820 02 O>
CJM X*%2= 0.75204865055608046570 01 0.14881143808364870 02 0.14950079262256620 02 0.14915576398372650 02 QL
PULSES OMITTED FROM STATISTICSs 0 0 0 0 0 0 O 0 O 0O O 60 O 0O O O O O0 Q O O© N =y
>7A 3= v v v ! A S S . S DD
C
P )
-
Symupol Units j ;.7;
- PC = Impuise PC = -~
Champer Pressure x Throat Area x Time, = Ib-sec
FA = Thrust Bridge A, |b-sec
_— F8 = Thrust 8ridge 8, |b-sec
AVG F = Thrust Average, |b-sec
ON TIME = sec
T OFFTIME = sec
OFP = QOxidizer Feed Pressure, psia
P FFP = Fuel Feed Pressure, psia
Pa = Test Celi Pressure, psia







